ABSTRACT The cost of replacing toothbrushes at frequent intervals may be prohibitive in underdeveloped countries. The objective of this study in Tehran was to compare the plaque removal efficacy of new and 3-monthold toothbrushes in children. In a randomized, crossover study, 93 children aged 7-9 years old received a new manual toothbrush to use twice per day for 3 months. Plaque scores were measured using the modified QuigleyHein plaque index after children had brushed for 60 seconds with either a new or their used toothbrush. Bristle wear of worn brushes was assessed by measuring brushing surface areas on digital images. Compared with new brushes in the same subjects, no statistically significant differences were found for plaque score reductions for 3-month-old toothbrushes exhibiting various degrees of wear. Worn toothbrushes are equally effective as new ones for children.
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Introduction
Good oral hygiene is essential for preventing dental caries and gingivitis and it is well acknowledged that effective daily removal of plaque biofilm plays a central role in maintaining oral health [1, 2] . Of all the oral hygiene methods available, mechanical plaque removal with a manual toothbrush remains the primary method of maintaining good oral hygiene and the most affordable method for the majority of the population [3, 4] .
The American Dental Association continues to emphasize the need for replacing toothbrushes every 3 to 4 months in order to optimize plaque removal [5] . Children's toothbrushes often need to be replaced more frequently. However, given that replacing toothbrushes frequently may be prohibitively expensive in underdeveloped countries, an evaluation of its real importance deserves attention. Typically, both in vitro [6] and in vivo studies in adults [7] have been conducted to examine the proposed superiority of a new toothbrush. While some authors found a reduced capacity of worn toothbrushes [6, 7] , others reported that there was no significant difference between new and worn toothbrushes [8] [9] [10] . However, studies involving adults may not be directly applicable to children as children's poorer manual dexterity may result in a different pattern and rate of bristle wear. Only 1 study to date has examined the effects of toothbrush wear on plaque removal efficiency in children [11] . This crossover trial found no significant differences between new and 14-month-old toothbrushes with regard to plaque removal capacity. Since the toothbrushes were heavily worn, the grading of toothbrush wear was not performed in that study.
Given the inconclusive evidence about the relationship between toothbrush wear and plaque removal, especially in children, the primary goal of this study in the Islamic Republic of Iran was to investigate whether 3-month-old toothbrushes are as effective as new ones in terms of plaque removal in children. Other analyses included the assessment of the relationship between toothbrush wear and plaque removal efficiency.
Methods
Study population
This single-blinded, randomized, crossover trial was conducted over a 3-month period between August and October 2009. The protocol was approved by the ethics review committee of Shahid Beheshti University of Medical Sciences, and written informed consent was obtained from parents prior to the commencement of the study. All the parents accepted for their children to participate in the study.
The sample size for this study was based on a previous comparative toothbrush study [11] . We randomly selected 3 primary schools in Tehran and 93 7-9-year-old children were recruited. For inclusion, subjects were required to have all central permanent incisors, upper lateral permanent incisors and all permanent first molars. These teeth had to be caries-free and without restorations on the facial, lingual/palatal or proximal surfaces. Participants were excluded if they were wearing oral prostheses, orthodontic brackets or appliances. Other reasons for exclusion included any physical limitations that might compromise normal tooth brushing technique, and evidence of neglected oral hygiene.
Study protocol
Each child was issued with a new toothbrush (Clinic Junior, Jordan) and given instructions on correct cleaning technique. They were instructed to use the allocated toothbrush exclusively for the next 3 months, twice per day. The toothbrush specifications were as follows: length, 128 mm; 9 rows of bristles; 27 tufts; mean 24 [standard deviation (SD) 1] monofilaments per tuft; height of monofilaments = 10 mm; and diameter of filaments = 0.3 mm.
At the end of the 3-month period, the used toothbrushes were returned in containers to prevent accidental distortion of the bristles during transport. Children were referred for 2 plaque assessment visits. They were asked to refrain from all oral hygiene procedures for 48 h and from eating, drinking and chewing gum for 4 h prior to each study visit. Following the measurement of the pre-brushing plaque scores at each visit, children were randomly allocated either a new toothbrush or their own used toothbrush. A measured amount of toothpaste (Crest Cavity Protection, Procter & Gamble) was then placed on the toothbrush from a monojet syringe and children were instructed to brush without a mirror for 60 s. After completion of brushing, the children rinsed with 20 mL of water for 20 s and a post-brushing plaque examination was performed.
Subjects used their usual method of oral hygiene for a brief washout period (2 weeks). At the second plaque assessment visit, identical procedures were followed, except that the toothbrush allocation was reversed.
Plaque scoring
Subjects swished with disclosing tablets (Eviplac, Biodinamica Quim) for 1 min and plaque was scored on each of the 10 test teeth on the buccal and lingual/ palatal surfaces (i.e. a total of 20 sites) using Turesky et al.'s [12] modification of the Quigley and Hein plaque index (TQHPI). Scoring was as follows: 0 = no plaque/debris; 1 = separate flecks of plaque at the cervical margin of the tooth; 2 = a thin continuous band of plaque (≤ 1 mm) at the cervical margin; 3 = a band of plaque wider than 1 mm but covering < one-third of the crown of the tooth; 4 = covering ≥ one-third but < twothirds of the crown of the tooth; and 5 = plaque covering ≥ two-thirds of the crown of the tooth.
All plaque scoring was performed by the same examiner (H.A.), who was calibrated for plaque scoring before commencement of the study and was blind to the baseline score and the treatment group assignments. Reproducibility of plaque scoring was 92.4% when the examiner was re-scored on 7 randomly selected sites.
Toothbrush wear
Toothbrush wear was assessed by measurement of the brushing surface area. Standardized digital photographs of each toothbrush were obtained and were downloaded onto a computer. The outline of the brushing surface area on each of the bitmapped images was traced and the surface area within the outline was determined using National Institutes of Health imaging software. Reproducibility of the tracing procedure was assessed by preparing 20 tracings of each of 5 brush heads selected randomly and calculating the mean and SD for each brushing surface area.
Analysis
Plaque scores for buccal, lingual/palatal and total surfaces obtained in each subject were recorded at baseline and following brushing. The differences between pre- and post-brushing scores, expressed as percentage reduction in plaque score, were used for paired t-test comparisons. All analyses were performed using SPSS, version 15. Efficacy analysis was based on a 95% (2-sided) confidence interval (CI) with a 5% significance level. Correlations between bristle wear of the 3-month-old toothbrushes and plaque removal efficiency for buccal or lingual/palatal surfaces were analysed using Pearson correlation coefficient. The level of significance was considered as P < 0.05.
Results
A total of 93 children (all male, aged 7-9 years) completed the study. Using paired t-test, the difference between pre-brushing plaque scores for new and worn toothbrushes were not statistically different (P = 0.28). The percentage reduction in plaque score achieved when brushing with the new toothbrushes did not differ significantly from those achieved with the 3-month-old toothbrushes for any of the tooth surfaces (Table 1) . Both the new and 3-monthold toothbrushes reduced plaque scores significantly more on buccal surfaces than on lingual/palatal surfaces. For new toothbrushes the scores were 63.7% versus 50.3%; (13.4% difference; 95% CI: 10.3%-16.5%, P < 0.001); for 3-month-old toothbrushes scores were 63.1% versus 49.1% (14.1% difference; 95% CI: 11.3%-16.9%, P < 0.001).
The 3-month-old toothbrushes exhibited increased brushing surface areas ranging from 0.03% to 90.8%. The mean increase in the brushing surface areas of the worn toothbrushes was 21.7 (SD 14.8). The coefficient of variation for the tracing procedure was 2.8%.
The effect of toothbrush wear on plaque removal was investigated by assessing percentage plaque score reductions achieved with toothbrushes exhibiting varying degrees of wear in comparison with the plaque score reductions achieved by the same patients using new toothbrushes. No significant differences in percentage plaque score reductions were found between new toothbrushes and 3-month old toothbrushes exhibiting various degrees of wear (Table 2) .
Pearson correlation tests showed plaque removal efficiency of the 3-month-old toothbrushes did not decrease with increasing bristle wear 
Discussion
Regular removal of plaque from all tooth surfaces is paramount for the maintenance of healthy oral tissue, and the manual toothbrush is the principal device for home care plaque removal [13] . Once bristles become worn, it has been assumed on the basis of in vitro and in vivo studies that toothbrushes have a reduced capacity to remove plaque and require replacement [6, 7] . However, evidence from more recent studies indicates that bristle wear of toothbrush may not impede the effectiveness of plaque removal [14] . Given the economic situation in underdeveloped countries, clinical studies are crucial for establishing the relative merits of replacing toothbrushes in children. We concluded that 3-month-old brush heads were as effective as new brush heads in the hands of schoolchildren even when the toothbrushes displayed marked wear. This crossover study consisted of 48 h of plaque accumulation after which the participants brushed for 1 minute either with new or worn toothbrushes. This design facilitated the exclusion of patient-related factors such as brushing force and style, and allowed a reliable comparison of the plaque-removing capacity of new versus worn brushes in the same patient. Typically, 48 h of oral hygiene abstinence are used to test the efficacy of toothbrushes [14, 15] . Biofilm thickness increases only slightly between 24 and 48 h of plaque accumulation, but the structure changes to dense [16] . During each visit, participants used their assigned brushes for 1 min, which broadly represents the average brushing time in the general population [17] .
A key factor in assessing the relative plaque removal performance of different toothbrushes is the ability to quantify the amount and distribution of plaque on tooth surfaces before and after brushing [13] . In this study, the plaque removal effectiveness of toothbrushes was expressed as mean percentage plaque score reductions according to the TQHPI. This index is recognized as a reliable index for measuring plaque removal after toothbrushing [18] . Our findings showed a wide variation in the brushing surface areas of the 3-month old toothbrushes, with surface area increases ranging from 0.3% to 90.8%. The greater variation in bristle wear that has been identified in previous studies of manual toothbrushes [10, 14] due to greater toothbrushing forces in adult subjects. In this study, the grading of brush head wear was objectively assessed by digitally measuring the brushing surface area of the worn heads in a reproducible and accurate manner. It was found that even those brushes exhibiting marked wear were no less effective than new toothbrushes in reducing plaque scores. These results confirm the findings of previous studies reporting that the capacity of 3-month-old brushes to remove plaque is not related to toothbrush wear [8, 9] . Sforza et al. reported that plaque scores and gingival indices were no different in university students who changed their toothbrushes monthly compared with those who used the same brush for the entire 3 months of the study [8] . They confirmed the findings of Daly et al. that increased toothbrush wear was not associated with worsening plaque scores [9] . These observations suggest that plaque control is not dependent only on toothbrush wear and it is rational to suppose that other factors may be influential, such as brushing time or pressure [8] .
may be
In contrast, some studies demonstrated that worn toothbrushes have less capacity to remove plaque compared with those less worn [6, 7, 19] . Warren et al. subjected new toothbrushes to a laboratory wear machine to simulate 3 months of clinical toothbrush use [6] . They found that a worn toothbrush was less effective than a new toothbrush for plaque removal and control of gingivitis. However, artificially worn toothbrushes do not model natural wear well and are therefore not necessarily clinically relevant tools in studies on plaque removal efficacy [11] . Conforti et al. instructed subjects to use manual or powered toothbrushes twice per day for 3 months and found that worn brushes were less efficient for plaque removal than new brushes [7] . They recommended that toothbrushes be replaced regularly before bristle wear becomes excessive. However, they used adult subjects, and the results may not apply to children. In the only other study investigating the effect of toothbrush age and wear on plaque removal in children, van Palenstein Helderman et al. instructed 7- and 8-year-old children to brush daily after lunch in a school-based toothbrushing programme [11] . After 14 months the effect of toothbrush wear on plaque removal was investigated. However, they could not assess toothbrush wear, since no clear variation was apparent in bristle-matting of old toothbrushes. Encouraged by such results, we conducted a comparative clinical study to verify whether those results would hold for children in an age group similar to that at which many prevention programmes are directed.
It has been shown that young children have manual dexterity difficulties in brushing lingual surfaces of teeth [20] . This was confirmed in the present study, with the higher mean percentage plaque removal achieved at the buccal sites and the lower from the lingual sites regardless of whether a new or a 3-month-old toothbrush was used. The question remains about the level of plaque removal that should be reached in respect to prevention of caries and gingivitis within 1 session of oral hygiene [15] . Nevertheless the level of plaque removal presented by both new and old toothbrushes in this study seems to be inadequate from the clinical point of view. It is possible that the low percentage plaque score reductions were influenced by subjects brushing without a mirror. However, it must be emphasized that this study was conducted with 7-9-year-old children, who may not have adequate toothbrushing technique [21, 22] .
The results from this study provide further data in support of the hypothesis that a worn toothbrush is no less efficient with respect to plaque removal than a new brush. These results are important from a public health point of view, especially in developing countries, where the dissemination of preventive techniques that are low cost is fundamental.
Considering the paucity of studies on this issue, further investigations should be performed to establish the appropriate time interval before needing to discard children's toothbrushes.
